Relationship between two types of mouse sperm surface sites that mediate binding of sperm to the zona pellucida.
There are at least two binding sites for the mouse egg zona pellucida on the surface of mouse sperm: a site with galactosyltransferase (GT) activity inhibitable by uridine-5'-diphosphate-dialdehyde (UDPd) and alpha-lactalbumin, and a trypsin inhibitor-sensitive (TI) site that hydrolyzes guanidinobenzoate (GB) esters. Characterization of GT activity gave the Km for UDP galactose as 37 microM with N-acetylglucosamine as galactose acceptor, and Vmax as 0.37 pmol/min/10(6) sperm. UDP galactose from 12.5-100 microM inhibited sperm binding to zona-intact eggs in a concentration-dependent manner with close correlation to GT activity (r = 0.95). To assess the independence and spatial relationship of the two types of site, cross-perturbation studies were performed. p-Nitrophenyl-GB, a low molecular mass inhibitor specific for the TI site, had no effect on the enzyme activity of the GT site. Conversely, UDPd, a specific inhibitor of GT, had no effect on GB hydrolysis. Weak inhibitions were found when soybean trypsin inhibitor (SBTI) was included with the GT assay and when GB hydrolysis was assayed in the presence of alpha-lactalbumin or asialo-agalacto-(alpha 1-acid glycoprotein). Acid-solubilized zona protein (ASZP) weakly inhibited the GT reaction, while stronger inhibition was seen with chymotrypsin-solubilized zona protein (CSZP). ASZP inhibited sperm binding to zonae with the same concentration dependence associated with inhibition of GB hydrolysis, but the inhibition of GT enzyme activity was on the same order as that found with SBTI, indicating that ASZP was only binding to the TI site under enzyme assay conditions. The results support the hypothesis that the two types of site are independent in binding their specific zona ligands, but are close enough for steric perturbation of the enzyme activity of one site by macromolecules bound to the other. The different interactions of solubilized zona preparations with the GT site under enzyme assay conditions are an indication that conditions which favor the enzyme activity of the site may interfere with the physiological binding functions of the site.